A case of tetralogy of Fallot in which irreversible pulmonary hypertension d e veloped in the postoperative period is presented. A recent cardiac catheterization has shown this to be caused by reopening of the ventricular septum and complete relief of infundibular pulmonic stenosis. The patient's hemodynamics are now those of a ventricular septal defect with reversal of shunting. The need for careful postoperative follow-up and early evaluation by catheterization when the hemodynamic status is in doubt is illustrated and stressed.
mong the late complications of correction of A tetralogy of Fallot, pulmona, hypertension is rare. In an isolated case pulmonary hypertension may be due to previously undetected agenesis of a pulmonary artery,l.2 thrombotic or embolic occlusion of the pulmonary vascular bed,3 peripheral pulmonic stenosi~,~ and too large a shunt from a previous Blalock, or, more likely, a Pott's anastomosis leading to intractable left ventricular failure.54 Pulmonary hypertension may also be due to obstruction of the pulmonary vascular bed associated with inadequate closure of the ventricular septal defect and relief of the pulmonic s t e n o~i s .~~~" The following case illustrates the latter circumstance.
A 31-year-old Negro man, currently followed at the cardiology clinic of University of Texas Teaching Hospitals, has increasing ankle and leg edema, ascites, shortness of breath on minimal exertion and episodes of paroxysmal nocturnal dyspnea and orthopnea.
His past medical history goes back to his first few months of life when he was noted to be cyanotic. At age six, he was admitted to another hospital where a Blalock shunt with anastomosis of the left sribclavian artery to the left pulmonary artery was performed. Following the operation his exercise tolerance improved and he did well. When he was 16 years old, because of joint pains, fever and sore throat, he was admitted to a second hospital for probable rheumatic fever. No documentation of carditis was obtained.
Five years later (age 21) he had "dizzy spells" accompanied by blurred vision and chest pain. Clubbing and marked cyanosis were noted. He was found to be poly- The operative report confirmed the existence of an enlarged heart (more in the right-sided chambers). The aorta was described as about 50 percent larger than the pulmonary artery; however, the latter vessel was not said to be smaller than normal. Under cardiopulmonary bypass and hypothermia, an infundibular obstruction 2 cm long and less than 0.5 cm in diameter was excised allowing the index finger to pass easily out into the pulmonary artery. The pulmonic valve was described as ~d i m e n t a r y and located in an abnormally high position in the pulmonary artery. It was not felt to be stenotic. The large ventricular septal defect was closed with a Dacron prothesis, the surgeon noting that only a small rim of muscular septum was available for placement of sutures. Intracardiac pressures taken on partial bypass at the beginning of the operation revealed a pulmonary outflow gradient of 40 mm Hg which at the end of the procedure had been reduced to 10 mm Hg. The postoperative course was uneventful but follow-up was sporadic.
In 1969 he was readmitted to our hospital in severe congestive heart failure characterized by shortness of breath, paroxysmal nocturnal dyspnea, orthopnea, generalized edema and ascites. He was again cyanotic. His heart failure improved with medical therapy consisting of digitalis and diuretics. A repeat cardiac catheterization was done (Table 1) which revealed systemic level pulmonary hypertension, patency of the ventricular septum with a bidirectional shunting and a widely patent pulmonary outflow tract.
Since then his course has been one of continuous worsening. The physical examination is now remarkable in showing cyanosis of the lips and fingers, and neck veins distended at 90" with a prominent A wave (Fig 1 ) . A prominent right ventricular lift is present. The left ventricular impulse is located in the fifth intercostal space, 2 cm from the midsternal line. S1 is normal, S2 has an accentuated pulmonary (Fig 2 ) shows a complete right bundle branch block, first degree AV block, biatrial enlargement and right axis deviation. In comparison with a trace done in 1955 (Fig 2 ) , the major change is in the development of the right bundle branch block. The present chest x-ray picture (Fig 3) shows massive cardiomegaly, prominent main pulmonary arteries and clear lung fields. Unfortunately, old chest x-ray 6lms which would have been of value for comparison had been discarded.
IRREVERSIBLE PULMONARY HYPERTENSION
When the immediate postoperative complications such as infection and bleeding are e~cluded,~' a poor clinical result following repair of tetralogy of Fallot is usually due to incomplete correction of the lar pulmonic stenosis, inadequate closure of the ventricular septa1 defect, or creation of free pulmonary insufficiency may contribute to postoperative morbidity as will undetected complete obstruction or absence of the left pulmonary artery, near pulmonary atresia or preexisting pulmonary hypertension associated with a previous Pott's anastomosis.'~2,7~12-14.20-22 In addition, preexisting leftsided disease such as mitral regurgitation or left ventricular failure associated with too large a Pott's anastomosis, other operative shunt, or the develop ment of complete heart block or recurrent arrhythmias will lead to an unsatisfactory result.
Systemic level pulmonary hypertension as reported here is rare, but mild pulmonary hypertension has been reported by others. Lillehei and coworker~,'~ GrifEths and Malm,14 Bristow and associates,' and Gostman and colleagues2 each reported one or more cases, and in a review of the English literature we have been able to determine an incidence of about 1.0 percent. Four cases have been associated with a remaining ventricular septa1 defect,? five to absence of the left pulmonary artery,'.'.7 and in four cases, the cause was unknown.7.13.14 Pulmonary thrombosis is a frequent complication of unrepaired tetralogy and may be due to sluggish pulmonary blood flow, poIycythemia, and increased blood viscosity. From this, it would be expected that an effective shunt procedure would prevent or reduce the possibility of pulmonary thrombosis as has been emphasized by Ferenczes Failure of a shunt to remain open in our patient would, of course, be expected to have increased his risk of pulmonary thrombosis to that of the unoperated case. Despite the absence of pulmonary blood flow data that would have allowed us to calculate the pulmonary vascular resistance in our patient from the 1964 catheterization data, it is unlikely that the resistance was already elevated since the pulmonary artery pressure was only 1013 ( Table 1 ) .
Analysis of our patient's objective data is helpful in excluding other causes of pulmonary hypertension. First, on chest x-ray examination, it is obvious that there is a prominent left main pulmonary artery and the original Blalock anastomosis was made to it. Second, there is no difference in the vascular pattern in the hila and lung fields of the left and right sides. Both show large hilar vessels and peripheral pruning compatible with pulmonary hypertension of a severe degree. Although rheumatic mitral disease might be in part responsible for pulmonary hypertension, there is no evidence for this either clinically or historically. Left ventricular dysfunction due to the previous Blalock must also be considered, but pulmonary hypertension was not present in 1964, and there was no evidence at that I RREVERSI BLE PULMONARY HYPERTENSION FIGURE 3. Chest x-ray examination done in 1970. In addition to massive cardiomegaly, there is enlargement of the hilar portions of the major pulmonary arteries with peripheral pruning of the pulmonary vascular tree.
time of left ventricular failure or mitral insufficiency. These lesions were again ruled out at catheterization in 1969 and the physical examination at this time reveals no evidence for left-sided disease.
Examination of the factors responsible for the development of severe puln~onary hypertension in our patient indicates that failure to close the ventricular septal defect changed the patient's physiology from that of a "banded ventricular septal defect to that of a large ventricular septal defect with reversal of shunt. Although a mild increase in pulmonary vascular resistance in the early postoperative period is often seen after a successful total correction, this is usually reversed with time. 22 The presence of a residual ventricular septal defect has been responsible for the development of an irreversibly high pulmonary vascular resistance and systemic level pulmonary hypertension.
The mechanism by which a large shunt from the left ventricle to the right produces pulmonary vascular resistance changes is not completely understood. The early contributions of Edwards and Heath1= suggested that in the infant persistence of the fetal pulmonary arterial anatomy with high medial muscle .to lumen ratios was induced by the high pressure flow from left pulmonary blood flow. Dammann and Feren~z,2~ on the basis of their anatomic observations in a large number of patients, suggested that in some patients the pulmonary arterial musculature could regress normally and permit a large left-to-right shunt. Serial catheterization studies from a number of groups have confirmed this hypothesis. Hofhnan and Rudolph" demonstrated that a rise in pulmonary vascular resistance in infants with a patent ventricular septum could occur early in life and frequently in a short period of time. The mechanism of this resistance change has been hypothesized to be due to the elevation of left atrial and pulmonary venous pressures inducing perivascular edema in the small pulmonary arteries which in turn mechanically obstruct them. They further hypothesize that pulmonary venous hypoxia may help to induce such resistance changes, perhaps on a locally mediated, reflex basis. Other factors to be considered are the possible reactivity of a myogenic stretch reflex induced in the pulmonary arteries by a high pressure, high flow situation, and factors influencing thrombosis in the pulmonary tree. Theoretically, at some time after surgery, our patient could have been reoperated on and the pulmonary hypertension might have been reversed. Unfortunately, he was not thoroughly reevaluated until five years after this surgery, and at that time was found to have irreversible pulmonary vascular changes. This patient's unfortunate outcome illustrates the great importance of careful follow-up of all patients who have undergone complete repair of tetralogy of Fallot and the need for repeat catheterization in the time when the clinical status is in doubt. 
